We provide an overview of terahertz quantum cascade lasers based on resonant-phonon depopulation and metal-metal waveguides, including two-phonon resonant-phonon depopulation schemes, long wavelength operation, and real time terahertz imaging. ©2006 Optical Society of America Over the past several years, quantum cascade lasers of various types have been demonstrated by several groups in the long underdeveloped terahertz spectral range. Such lasers, which have the capability to operate in continuous wave mode with powers of more than 100 mW, are well suited for use as local oscillators for heterodyne receivers, and as narrowband sources for multi-spectral imaging, potentially for security or non-destructive evaluation applications. In particular, lasers designed with based upon resonant-phonon assisted depopulation schemes combined with metal-metal waveguides have demonstrated the highest temperature operation, up to 169 K in pulsed mode, and 117 K in continuous-wave mode [1] . Furthermore, we report extension of the operating range of THz QCLs down to a frequency of 1.59 THz (188 µm), based on the use of a single injector well scheme in order to improve injection efficiency and well as reduce cross absorption of terahertz photons from any possible intersubband transitions in the injector region [2] . With this development, the demonstrated frequency range accessible by terahertz quantum cascade lasers without the use of magnetic fields stands at 1.59 -5.0 THz (λ ~ 60-188 µm). With these developments, it appears very feasible to extend operation of THz QCLs into the range of 1.25-1.55 THz over which exists one of the most transparent atmospheric windows in the terahertz regime, which makes that frequency range ideal for stand-off THz imaging. Operation of terahertz QCLs is still limited to below 170 K, and improvement of this maximum to within the range of thermoelectric coolers is a priority. We present attempts to improve the high temperature operation by implementing various two-phonon-depopulation schemes, one of which is shown in Fig. 1 . The use of a doublephonon scheme has been used with great success for mid-infrared QCLs [3] , and it is natural to attempt such a scheme in the terahertz to reduce the problems of thermal backfilling of the lower radiative state by carriers from the injector. Initial results show a maximum operating temperature of 138 K in pulsed mode, which is not an improvement compared to the best single-phonon designs which typically exhibit T max =130-170 K. These results suggest that thermal backfilling is not yet a limiting factor in terahertz QCL performance.
Over the past several years, quantum cascade lasers of various types have been demonstrated by several groups in the long underdeveloped terahertz spectral range. Such lasers, which have the capability to operate in continuous wave mode with powers of more than 100 mW, are well suited for use as local oscillators for heterodyne receivers, and as narrowband sources for multi-spectral imaging, potentially for security or non-destructive evaluation applications. In particular, lasers designed with based upon resonant-phonon assisted depopulation schemes combined with metal-metal waveguides have demonstrated the highest temperature operation, up to 169 K in pulsed mode, and 117 K in continuous-wave mode [1] . Furthermore, we report extension of the operating range of THz QCLs down to a frequency of 1.59 THz (188 µm), based on the use of a single injector well scheme in order to improve injection efficiency and well as reduce cross absorption of terahertz photons from any possible intersubband transitions in the injector region [2] . With this development, the demonstrated frequency range accessible by terahertz quantum cascade lasers without the use of magnetic fields stands at 1.59 -5.0 THz (λ ~ 60-188 µm). With these developments, it appears very feasible to extend operation of THz QCLs into the range of 1.25-1.55 THz over which exists one of the most transparent atmospheric windows in the terahertz regime, which makes that frequency range ideal for stand-off THz imaging. Operation of terahertz QCLs is still limited to below 170 K, and improvement of this maximum to within the range of thermoelectric coolers is a priority. We present attempts to improve the high temperature operation by implementing various two-phonon-depopulation schemes, one of which is shown in Fig. 1 . The use of a doublephonon scheme has been used with great success for mid-infrared QCLs [3] , and it is natural to attempt such a scheme in the terahertz to reduce the problems of thermal backfilling of the lower radiative state by carriers from the injector. Initial results show a maximum operating temperature of 138 K in pulsed mode, which is not an improvement compared to the best single-phonon designs which typically exhibit T max =130-170 K. These results suggest that thermal backfilling is not yet a limiting factor in terahertz QCL performance.
CWG1.pdf

©OSA 1-55752-834-9
We also review developments of resonant-phonon QCLs using semi-insulating surface-plasmon (SI-SP) waveguides to obtain high output powers. While lasers that use this type of waveguide suffer somewhat in threshold current density and maximum operating temperature compared to metal-metal waveguide devices, because of their lower facet reflectivity, and favorable outcoupling ratio of facet losses to total losses, much higher slope efficiencies are obtained from these types of waveguides. A laser at 4.3 THz was demonstrated to have peak power of 248 mW at 10 K (pulsed 1% duty cycle), and 135 mW in continuous wave mode. These high power SI-SP lasers have been used in conjunction with a room-temperature 320×240 element microbolometer camera (model SCC500L, courtesy of BAE Systems, Lexington, MA) to perform real-time, video-rate terahertz imaging (see Fig. 2 ) [4] . The use of a pulse tube cryorefrigerator allows cryogen free operation of the device at 30 K, where the laser still produces 50 mW of peak power. In particular, the narrowband nature of the QCL source allows the engineering of the QCL (via modification of the intersubband gain region and/or the waveguide cavity) to align the lasing wavelength to atmospheric transmission windows. This has the potential to allow imaging and sensing over 25 m distances, essential for stand-off detection applications. 
